hort tandem repeat (STR) analysis is a polymerase chain reaction (PCR)-based technology that is based on typing highly polymorphic repeats of 2-6 base pairs of DNA. Typically these repeats are inherited in codominant mode, so that the number of repeats in each allele is independently determined. Such analysis enables the identification of loss of heterozygosity (LOH) or a shift in a genetic region, and reveals whether two cell populations are genetically "similar" or different.
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hort tandem repeat (STR) analysis is a polymerase chain reaction (PCR)-based technology that is based on typing highly polymorphic repeats of 2-6 base pairs of DNA. Typically these repeats are inherited in codominant mode, so that the number of repeats in each allele is independently determined. Such analysis enables the identification of loss of heterozygosity (LOH) or a shift in a genetic region, and reveals whether two cell populations are genetically "similar" or different. 2 Emerging first as a DNA identity tool in the forensic setting, several clinical diagnostic uses for STR typing have already been established: for example, follow-up of engraftment after bone marrow transplantation; identification of uniparental disomy pattern of inheritance; and assessment of maternal cell contamination in prenatal specimens. 13 The authors report a case in which STR typing was used to resolve a diagnostic dilemma involving two discrepant specimens from a patient with a brain tumor.
case report

History and Examination
A 47-year-old, right-handed man presented to the emergency center with a 2-day history of progressive right leg weakness. His medical history was significant for heavy smoking of 40 pack-years. His physical examination findings were remarkable for right lower-extremity weakness and mild upper-limb dysmetria. However, findings on chest radiographs were unremarkable, and brain MRI studies obtained with contrast revealed two separate ring-enhancing lesions localized to the left frontal lobe (Fig. 1) . The radiological differential diagnosis included multiple brain metastases, multicentric glioblastoma, lymphoma, or, less likely, brain abscesses. A stereotactic biopsy sample taken from the left frontal anterior lesion was most compatible with metastatic small cell carcinoma with neuroendocrine features ( Fig. 2A and B) . At that time the working diagnosis, based on the history of heavy smoking, multiple brain lesions on MRI studies, and the pathology report was that of metastatic small cell lung carcinoma. Ten days after his initial presentation, the patient presented to the emergency center complaining of worsening right leg weakness, headaches, and blurred vision, and was admitted for urgent radiation treatment.
Radiation Treatment and Subsequent Operation
A chest CT scan performed at the time of admission abbreviatioNs LOH = loss of heterozygosity; PCR = polymerase chain reaction; STR = short tandem repeat. The differential diagnosis of a brain lesion with two discordant pathology reports includes the presence of collision tumor, metaplastic changes, and labeling errors that occurred during the processing of the specimen. The authors present a case in which the first brain biopsy from a 47-year-old patient with a history of heavy smoking was compatible with metastatic small cell carcinoma, and the second biopsy taken during decompression craniotomy 3 weeks later was compatible with WHO Grade IV glioblastoma. Using short tandem repeat (STR) analysis of the two specimens and nontumorderived patient DNA, the authors found that the two specimens did not belong to the same individual. The authors conclude that allele imbalance or loss of heterozygosity detected by STR analysis is a reliable and valuable diagnostic tool for clarifying discrepancies in discordant pathology reports.
did not demonstrate any lung disease. While still undergoing whole-brain radiation, the patient's condition deteriorated. He became lethargic and complained of persistent headache associated with vomiting and progressive right hemiparesis. Brain CT scans demonstrated worsening mass effect with a midline shift due to increased peritumoral vasogenic edema. The patient underwent an urgent left frontal decompressive craniotomy and resection of the left frontal anterior lesion. Surprisingly, results of the histopathological examination of the resected tumor were most compatible with a primary CNS WHO Grade IV glial tumor, a glioblastoma ( Fig. 2C and D) . Of note, no evidence for metastatic carcinoma was found in this specimen.
Histopathological Findings
The differential diagnosis when two pathology reports on a brain tumor specimen obtained in a single patient do not concur includes the presence of a "collision tumor." This is a rare condition in which two histologically distinct neoplasms coexist within the same mass. The coexistence of glioblastoma with benign tumors has been sporadically described, as in the case of collision with epidermoid tumor, 12 or with benign meningioma. 14 Collision of glioma, and specifically glioblastoma, with metastatic carcinoma is extremely rare, and few well-documented cases are described. 9 We considered that the interpretation of the tissue in the first pathology report as metastatic carcinoma may have in fact reflected sampling of glioblastoma tumor that underwent epithelial differentiation. Metaplastic changes of glioblastoma can result in tumor regions originating from the primary glioma clone, but are characterized by morphological and immunohistochemical features of carcinoma. 4, 9, 11 In a number of cases in which metaplastic changes were reported, the initial diagnosis had been metastasis. 10, 11 To determine whether the two specimens in our case represented tumor originating from a single clone, we screened the DNA sequence of the two specimens and the white blood cells of the patient, representing the nontumor-derived DNA, in loci where genetic alterations are expected in glioblastoma. Loss of heterozygosity on chromosomal area 10q, in the region of the 10q23 locus of the PTEN gene, is the most common genetic alteration, found in 60%-85% of patients. 7 Loss of tumor suppressor genes located at the 1p, 14q, and 19q chromosomal areas has also been described. 3 We therefore examined the two specimens for LOH in multiple genomic regions, namely, 10q, 1p, 14q, and 19q. If the two specimens were derived from the same clone as in the case of epithelial differentiation, we expected to find the same LOH pattern in most or all loci. We also analyzed nontumor-derived DNA taken from the patient's white blood cells. This allowed us to distinguish between a single deletion of one allele and homozygosity, and to ensure that one or both specimens were in fact derived from the same patient (and not a laboratory error). As an example, the results of microsatellite analysis in two polymorphic loci at the 10q region are presented in Fig. 3 , demonstrating that the tissue labeled "biopsy" and the tissue labeled "tumor resection" did not come from the same person. The same results were also obtained in the other alleles from the 1p, 14q, and 19q regions.
Using this approach we unequivocally determined that the pathology report from the first biopsy and that from the resected tumor did not pertain to the same individual. The sample of the resected glioblastoma demonstrated LOH at several loci along the PTEN gene; however, the nondeleted alleles, equivalent in size, were present in the peripheral blood of the patient. The analysis of the first biopsy did not demonstrate the typical findings in a glioblastoma patient with LOH at chromosome 10, and the alleles at these loci were different in size compared with what was found in the patient's peripheral blood. We therefore concluded that the first pathology specimen belonged to a different individual (Fig. 3) .
discussion
A book titled To Err is Human: Building a Safer
Health System, published in 1999, determined that at least 44,000 people die in hospitals in the US each year as a result of medical errors, and it focused public attention on this major public health issue. 5 In surgical pathology, labeling errors occur when the specimen is labeled with an incorrect patient name or identification number (a patient identification error). Labeling errors can also occur when the specimen is misidentified as to site of origin or time of collection, although correctly associated with patient name and/or unique identification number (specimen identification error). The error can further be classified as preanalytical if it occurs during the process of receiving and preparing the surgical specimen; analytical if due to misinterpretation by the pathologist; or postanalytical if it occurs during the process of conveying results to the clinician. 6 Few studies have addressed the issue of surgical specimen labeling errors: in a review of 21,351 surgical specimens, 11 (0.04%) involved specimens that were associated with an incorrect patient assignment. 8 Layfield reviewed 29,479 consecutive cases over a period of 18 months to estimate the rate of errors that occur during the preanalyti-
FIG. 3. Graphs showing results of a microsatellite analysis in two
polymorphic loci at the 10q region in our patient. For each locus, PCR products are shown separately from nontumor-derived DNA (upper bars in both panels), tissue biopsy (center bars), and from the resected tumor (lower bars). The peak's height represents fluorescent intensity (which is an indication of the PCR product quantity), and the number below the peak indicates the size of the PCR product in the base pair. a: The upper bar demonstrates a single allele for the examined locus in the patient's blood specimen, which indicates that this patient is homozygous for that specific allele. This is also seen in the specimen taken from the resected tumor (lower bar). However, this is not the case in the biopsy specimen (center bar), which demonstrates two different alleles (sizes 178 and 182). This demonstrates that the blood and resected tumor specimens were taken from the same person, whereas the tissue of the biopsy was taken from a different person. b: The second polymorphic locus in the 10q region demonstrated two alleles in the blood specimen (sizes 157 and 165, upper bar) and two different alleles in the biopsy specimen (sizes 151 and 167, center bar). The tissue from the resected specimen demonstrates a single allele (size 157, lower bar), identical to one of the two alleles that were present in the blood specimen, suggesting an LOH in this region in the tumor.
cal phase at the time of specimen processing. Seventy-five labeling errors (0.25%) were found: 55 (73%) involved the patient name; most occurred at the gross processing room and involved the mislabeling of cassettes, with subsequent blocks or slides being associated with an incorrect patient or an incorrect site. 6 These numbers probably underestimate the true labeling error rate during the preanalytical phase. For example, in our case, only extensive genetic workup revealed that such an error had occurred during the preanalytical phase. To prevent repeat of similar errors in our facility, a root cause analysis was undertaken. A flow diagram of the preanalytical phase revealed a complex process with the potential for labeling errors along several points. Because the pathological description of the specimen at the time the surgical biopsy sample arrived in the pathology laboratory was compatible with a stereotactically guided needle biopsy taken from a brain tumor, we concluded that the correct specimen arrived and that the error occurred during the gross processing in the pathology laboratory. The investigation revealed that a tissue pickup error occurred, most probably when extraneous tissue was placed inadvertently in the cassette of the studied cases, and was therefore present in all slides and sections.
This investigation led to a thorough revision of the guidelines at the pathology laboratory's gross processing room. Based on the Standard Operation Procedure guidelines we now emphasize avoiding pickup errors. Procedures for maintaining meticulous cleanliness of the working environment, cleaning of the gross processing and embedding forceps between every case, cleaning of scalpels after every use, and the use of tissue bags for specimens with small fragments were revised and are now strictly enforced. Studies by the College of American Pathologist Q-Probes quality improvement program identified 1.5% of pathology cases with extraneous tissue (1486/97,425) in a prospective study and 6.2% of pathology cases (1078/17,422) in a retrospective study. In both studies, "floaters" (tissue that was picked up after microtomy and thus present in only one section of the slide) were the most common reason for the presence of extraneous tissue. Tissue pickup errors were less common, but were found in 28.4% and 15.9% of the prospective and retrospective extraneous cases, respectively. 1 These findings and our case report highlight the fact that pathology errors do occur, and hence the need for vigilance from the entire chain of medical service providers, including the neurosurgeons.
Fortunately, in this case the error was identified early in the course of treatment and prompted a modification in the radiation plan and the addition of the alkylating agent temozolomide to the treatment regimen, as is consistent with standard of care for glioblastoma. In this report we highlight the occurrence of a diagnostic labeling error and suggest that in cases in which pathology reports conflict, or do not correlate with the clinical findings, allele imbalance or LOH fingerprinting can help in determining the correct diagnosis.
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